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XX VIII. Invejiigathn of the Caufe of that IndtJllnBnefs of 
Vtfon which has been afcrlhed to the fmaUnefs of the Optic 
Pencil. By William H^rfthel, LL,D. F.R^S, 



Read June 22, 1786. 

SOOM after my firft eflays of uflng high powers with the 
Newtonian telefcope, I began to doubt whether an opinion 
which has been entertained by feveral eminent authors, *' that 
^^ viiion will grow indiftinft^ when the optic pencils are lefs 
^' than the 40th or 50th part of an inchj" v¥ould hold good in 
all cafes. To judge according to fo rigid a criterion, I per- 
ceived that I was not in titled to fee difl:iii£lly with a power 
much more than about 320, in a 7-feet telefcope which bore 
an aperture of 6,4 inches ; whereas in many experiments on 
double ftars I found myfelf very well pleafed with magnifiers 
that far exceeded fuch narrow limits. This induced me, as it 
were, by way of apology to myfelf, for feeing well where I 
ought to have feen lefs diftindly, to make a few experiments 
on the fubjeQ: of the diameter of optic pencils. It occurred to 
me, that an opinion which limits them to any* given fize can- 
not be fupported by theory, which does not determine on fub- 
jeds of this nature, but muft be decided, like many other 
phyfical queftions relating to matters of fa£l, by careful expe- 
riments made upon the fiibjed. The way, therefore, to come 
at truth, in a cafe which feemed to me of coniiderable im- 
portance, lay ftill open to me, as it had done to former ob- 
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fervers ; and I tliau^ht myfelf authorifed, according to a Car^ 
tefiaii maxim {l^ubia etlam pro falfis habenda)^ to fuppofe, for 
a while, the fize of optic pencils, requilite for dlftind vifiong, 
intirely undecided. 

The firft opportunity I had of making the propofed experi* 
i^ients was in the year \ 778, and the refult of them proved fo 
decifive that I have never fince refumed the fubjed ; and had it 
not been for a late converfation with, fome of my highly 
efleemed and learned friends, I might probably have left the 
papers, on which thefe experiments were recorded, among the 
refl of thof§. that are laid afide when they have afforded me the 
information I want. But a doubt feeming ftill to beenter^ 
tained on the fubjed of the fmallnefs of the optic pencil?, it 
may now be proper for me to communicate thefe experiments, 
that it may appear ,how far the conclufions I have drawn from 
them jire warranted by tliefadts qn which I fuppple theoi t0 
reft. 



Kxperlments with the naked eye. 

Exp. I. Through a very thin plate of brafs I made a minute 
hole with the fine point of a needle; its magnified diameter, 
very accurately meafured under a double microfcope, I found 
to be ,465 of an inch, while under the fame apparatus a line 
of ,05 in length gave a magnified image of 3t>545 inches. 
Hence I concluded, that the real diameter of the perforation 
was about the 15 2d part of an inch. Through this fmall 
opening, held clofe to the eye, I could very diflindly read any 
printed letters on which I made the trial. Proper allowance 
muft be made for th^ very inconvenient lituation of the eye, 
which by the unufual clofenefs to the paper cannot be expeded 
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to fee With its common facility* Befides, the continual mo'- 
tioh of the letters, which is required on account of the fmall- 
Refs of the field of view, muft needs take up a confiderable 
time. 

Exp* 2. In fome other pieces of brafs I made fmaller holes i 
and among many, that were meafured with the fame accuracy 
as in the former experiment, I found one whofe magnified dia- 
meter was ,29 : hence the real diameter could not exceed the 
244th part of an inch. Through this opening I could alfo 
read the fame letters ; but the difficulty of managing fo as not 
to intercept all the incident light, as well as the very uneafy 
fituation of the eye, were fufficient reafons for not carrying the 
intended experiments any further under this form. Befides, I 
{hould hardly have allowed them to be fair, if, on a further 
contraStion of the hole in the brafs plate, an indiftindnefs had 
come on ; as we might well have fufpefled at leaft two other 
caufes, befides the fmallnefs of the pencils, to contribute to 
fuch an imperfe£l:ion ; viz. want of light, and a deflection of it 
on the contra£led edges of the hole. 

Mkrofcopk Experiments. 

Exp. 3* I had now recourfe to a double microfcope, confift* 
ing, for fimplicity*s fake, of only two lenfes. The focal 
length of the eye-glafs, carefully afcertained by an obje<9t half 
^a mile off', being ,9 ; the diftance of the objeft-glafs from the 
eye-glafs 9,36 ; and the aperture of the objed-glafs ,0405. 
Hence we compute that the diameter of the optic pencil, when 
it entered the eye, could not exceed the 23 2d part of an inch ; 
yet with this conftrudion I faw 'very ^diitin^filly every object I 
placed under the microfcope. 
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Exp. 4. I reduced the aperture o£ tite obje^iglafslto ;,oi 2 f 
hence the pencil wdS^ {bun(it6%6'^ey^4i^ ad inc}#«^ 

and yet I fa tv with this conftruftion very diftinftly every objefl? 
that w^as placed under the magnifier. 

Exp. 5. I made a fecond redu£tion of the aperture of the 
objeft-glafs, ib that ^o^y it was no more than ^0052 ; andF 
therefore the optic pencil lefs than the 1800th part of an inch ** 
and yet I ebuld very wdl Cbu^nt the briftles on the edge of the 
wing of a fly, and diftinguifh their length and thicknefs. 

Exp. 6. Changing the conftruaion of the microfcope, 1 
now reduced the pencils by an increafe of power. Solar focus* 
of the eye-glafs ,52 ; diftance between the objed-glafs. and 
eye-glafs 7,6 ; aperture the fame as in the third experiment. 
This gave me a pencil of the 336th part of an inch, witb 
which I faw very diftlnftly. 

Exp. 7. Applying how the reduced aperture of the fburtb 
experiment, I had a pencil of the 1139th part of an inch with! 
%vhich I faw very well. 

Exp. 8. I changed the eye lens for another of , 1 7 1 focaf 
length; the obje6t-glafs and diftance between the two lenfes^ 
remaining as in the two laft experiments ; aperture ,02. This* 
gave a pencil of the 2173d part of an inch, with: which F 
could count, or rather fucceffively fee, the briftles before-men- 
tioned very well; the field, on account of the great power^ 
not taking in more than two large and afriiall one at a time.^ 
. " Exp. 9. I was now convmced, that we may feediftiiiaiy 
with pencils incomparably lels thakithe^oth or ^oth part of m 
inch; and indeed fb far from expe^ing any obftru£lion t<K 
diftina vifion from the fmallnefk of the^peBcils, it appeared 
to me now as if their fize might infut^re be in ti rely kit opt 
of the account. Witha view, however, of feeing what other 
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ca^ufemk^t |)j?ii)g,p(ji tklt Midiilb#ngf^^|hi,<?lijTiad been afcrlbed 

i^rai;^|g:s *wi.|Jb :t. ^Sfiation Am the - ippgrg^f us, ;f|id uff d spw aa 
objeft lens of a different focal lengtli ;; the aperto 
jgartiqulars being as in the '4th experinieiit* JB^itMs poi^ili-uc- 
t^f^^ .whipli gave me a pmcilpl^ the ^?^4th farl<i^^ inp^il, 
CQ|ild lee objeds very well ; bjii$ ttxQMgh ihpfj a|:fpe§re^ ^i^^H I 
they (Were not fo fharp 011 the edge§ aileoje ^|^]tu|4 ; ,\¥ifo fi^^ 
them. , This ^ being conipared with the ^ith ^experiment, it ^-^ 
pearedthat, with equal pencils, utijequ^ (^gr^espfi dpii^j^nefs 
i^qi^ta}^ place; and a pretty ftrikiiig cireSmilp^iigg,:^^^ 
to lea^ me in the following experimeiitg, fwas-, that tlje ii:pLalle|| 
power gave, ngie the leaft difl:in£t image ; nc^ wij:|iftar|ding^ ■ imm^ 
follBeritriaJsy the gpodnefs of th§ lenf^s ^^^naplQyfd coyld.ao^ 
be doubted. 

JK^p. Id: pn an examination of circumftapees it occurred to 
me, as indeed I had already before J|j4riiii|p^§ that a ,ce^|:aijP| 
proportion of aperture might be neceflfery to a given, focal 
jl^ngth of an objqft-lens or lpeculum«; and that a fail u re in this 
point ii?ight probably bring on that ipdiftin£lneis which had 
been afo^ibed to the ftpallneft of the pencils. In; order, there- 
lore, to pjist this to a trial, I ufed now an "pbledlj-lens of 1,25. 
focal length, %yith an aperture confined to ,01 ; the reft of the 
apparatus being as in the 3d, 4th, and 5th e|cperiment?. The 
penpil in this cafe was about the i^ooodth part (^ an inch ; 
and, though by a different conflru^lion I had already feen very 
well with a pencil of not half that di^umeter, I foyuiid this to 
g^ve me, as now I had reafon to expe£l, a very indiftin<a: 
picture, fo rnuch fo indeed, that i|, could h^ir^ly bq called a 
repr^fentatiofl of the object. 
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Exp. i t. Increafing the aperture of the objefblfens io ,0124, 
I had a pencil of the 758th part of an inch, but eo\ild fee lid 
better with it* 

Exp; 12. Proceeding in the tradk now- pointed oiit to rne, lad* 
mltted an aperture of ,017, which gave a pencil of the 550th; 
part of an inch, but could fee not much better with it thanf 
before. 

Exp. 13. On a farther increafe of the aperture to ,023^1, 
and a pencil of the 406th part of an inch, I faw a little better; 
but ftill had not diil:in£tnefs enough even to fee the briftles 
before-mentioned at all. Hence we may conclude, that, in 
fuch cdnflruftions as the prefent one, the aperture of thebbje£t- 
glafs muft bear a confiderable proportion to its focal length ; 
fince the 54th part (for ,0231 : 1,25 :: i : 54) is here not 
nearly fufficient. 

Exp. 14. To the fame a|)pafatus I applied a higher power, 
by an exchange of the eye-glafs ; but the indiftindnefs re- 
mained as before. 

Exp. 15. Returning again to the former conflrudion, I ad- 
mitted an aperture of about ,037; and having notv a pencil of 
nearly the 250th part of an inch, I could but juft perceive fome 
of the large briflles, which Ihews that even the 34th part (for 
5O37 : 1,25 :: i : 34) of the focal length is not a fufficient 
aperture for objeft-lenfes that ad under fuch circumflances as 
the prefent. 

So far I have only related ei^periments that were made in th6 
year 1778; and my opinion that the fmallnefs of the optic 
pencils could be no obje6:ion to feeing wdl being thus fup- 
ported by evident fa^Jis, I helStated not, in a Paper on the 
Parallax of the Fixed Starfe (^Phil. Tranf vx)l. LXXIL p. 96.) 
to affirm^ that we might le^^ dlftin£lly^ w much 
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ftnaller than the 40th or 50th part of an inch. It did not ap- 
pear to be lieceflary, mor would the fbbjedt of that Paper per- 
mit me to enter into a detail of experiments; but having, in^ 
the eourfe of raj reading about that time, met with anvaccount 
0f fome very fmail globules made for microfcopic ufes, I con- 
femted : myfelf with an inflance of fmall pencils taken from 
them. I Ihall, however, now proceed juft to hint at a few 
inferences that may be drawn from thefe related experiments ; 
as, upon a mature conrideration, we may find reafon to be- 
lieve they; point out a caufe of indiftin£tnefs of vifion hitherto 
never iioticed by optical writers ; and which, when properly 
inveftigated, cannot but influence, and in fome refpe8:s con- 
tribute to the improvement of, our theories in optics. For, 
admitting that every objed-glafs or fpeculum, whofe aperture 
bears lefs than a certain ratio to its focal length, will begin to 
give an indillind pi6ture, it will follow, that while former 
opticians have been endeavouring to diminifli the aberrations 
arifing from the fpherical figure, and the different refrangibility 
of rays, by increafing the focal length, they have been unaware 
of expofing themfelves to the confequences of the caufe of 
indill:in£tnefs here pointed out. And till its influence fhall be 
well afcertained and brought to a proper theory, we muli fuf- 
pe£t that fuch tables as thofe which are given in our beft 
authors of optics, pointing out an aperture of lefs than 6 
inches for a glafs of 120 feet focal length (or a ratio of i to 
240) muft be far from having that degree of perfection which 
may yet be obtained. No wonder that telefcopes, made ac* 
cording to theories or tables, where one of the caufes of in- 
diftindnefs is unfufpefted, and therefore left out of the account, 
can bear no fmaller pencil than the 40th or 50th part of an 
inch! If then, on om hand, by increafing pur apertures wq: 
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certainly run into great imperfeftionSj we ought neverthelefs 
alfo to coniider what dangers, on the other, we may incur by 
leffenhig them too much. 

As foon as convenient, I intend experimentally to purfue this 
fubjeft, in order to obtain proper i/t:?/^ for fubmittuig this caufe 
of optical imperfe£lion to theory; at prefent my engagement 
with the work of a 40-feet refledor will hardly permit fo 
much leifure; and till I fhall have repeated, extended, and 
varied thefe experimental inveftigations, I would wifli them to 
be looked upon as mere hints that may afford matter for futurd 
difquifitions to the theoretical optician. 
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